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$W=1+ \sum_{m=1}^{\infty}w_{m}(t, x)\partial^{-m}$ , $\partial=\partial/\partial x$ . (1)
$t=(t_{1}, t_{2}, \ldots)$ ,
$\partial_{n}W=B_{\mathfrak{n}}\cdot W-W\cdot\partial^{n},$ $n=1,2,$ $\ldots$ ,
\mbox{\boldmath $\theta$},\iota $=\partial/\theta\ell_{n}$ , (2)
. (




$($ . . $)_{+}$ ( ) . $B_{\iota}$
$W_{m}$ $x$ (2) ,
(2) $w_{m}$
$\theta_{n}w_{m}=F_{n\iota}(w_{h}, w_{h}^{(1)}, \ldots(k\geq 1))$ (4)








$\partial$ , . $\partial$













$\prime D=\{P=\sum_{n=0}^{m}p_{\iota}\partial^{n};p_{n}\in A\}$ , (6)
$\mathcal{E}=\{P=\sum_{n=-\infty}^{m}p_{n}\partial^{n}$ ; $p_{n}\in A\}$ (7)
( $m$ $P$ : $p_{m}\neq 0$ $m$ $P$ ) .
$P= \sum p_{n}\partial^{n}$ , ,
$\partial^{n}\cdot p=p\theta^{n}+(\begin{array}{l}n1\end{array})p^{(1)}\partial^{n-1}+(\begin{array}{l}n2\end{array})p^{(2)}\partial^{n-2}+\ldots$ $(p\in \mathcal{A})$ (8)
, .






. $($ . . $)_{+}$ ;








, D $D$ , $\mathcal{D}$
( $D$ )
( $\mathcal{D}$ ) . $\mathcal{D}$ . $A$ $D$
D $\mathcal{A}$ .
$P\cdot W,$ $P\in D$ ( $DW$
) . :





2) $W_{i}$ $W$ .
$W_{i}=(\partial^{i}\cdot W^{-1})_{+}\cdot$ W. (11)
$w_{n}=-w_{0,-n}(n\geq 1)$ .
3) $W_{:}$ .
$\partial\cdot W_{*}\cdot=W:+1^{-WW_{0}}:,-1$ $(\dot{\epsilon}\geq 0)$ . (12)
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4) $W_{i}= \partial^{*}-\sum_{j<0^{w}:j}$ ,




$w_{0j}=-w_{-j}$ $w_{i+1,j}$ . $w_{ij}$
( ) . ,
$\mathcal{A}=\mathbb{C}[w_{ij}(i\geq 0, j<0)]$ (14)
, (13) . ,
$A$ . KP
.
. (2) ( $W$ (4))
.




( ) ( )














. (13), (15) ( $w:j\in \mathbb{C}[[t,$ $x]]$ ) $t=0,$ $ae=0$
$\xi(t, x)=\exp(xA+\sum_{n=1}^{\infty}t_{n}A^{n})\xi(t=0, x=0)h(t, x)^{-1}$ (20)
. $h(t, x)$ $\exp(xA+\sum_{n=1}^{\infty}t_{n}A^{7b})\xi(t=0, x=0)$ ‘
’ $i<0,$ $j<0$ .
. 1) $h(t, x)$ , (20) ,
([3] ).
2 ) $\sum_{i\geq 0,j<0}w_{ij}(t=0, x=0)y^{i}z^{-j-1}$ 2 $y=0,$ $z=0$
( $w_{\dot{*}j}^{arrow}\llcorner$ )
$\xi(t, ae)$ \langle $t=0,$ $x=0$ .




. \mbox{\boldmath $\xi$} $=\xi h^{-l}$ $(13),$ (15)
$\sim$
.
$\xi(t, x)$ (16) . $C,$ $C_{n}$ (19)
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1. $4_{:\acute{J}}^{r}$









gl( ) $=\{A=(a_{ij}$ ( $<i,$ $j<$ )) ; $a_{ij}\in C$ ,
$m$ | $a:j=0(j-i>m)\}$ . (21)
: $[A, B]=AB-BA$ . Lie $A$
$\epsilon$ , $\exp$( $x A+\sum_{n=1}^{\infty}t_{n}$A“)
, 1 $\exp(\epsilon A)$ \mbox{\boldmath $\xi$}(t $=0,$ $ae=0$)
$h$ .
. 1
$\xi(t, x)\mapsto\xi_{\epsilon}(t, x)=\exp(\epsilon A(t, x))\xi(t, x)k(\epsilon, t, x)^{-1}$ (22)
. $k(\epsilon, t, ae)$ $\exp(\ldots)\xi(\ldots)$
, $A(t, \sim)$ .








$\delta_{A}\xi=A(t, x)\xi-\xi C_{A}(t, x)$ . (25)
$C_{A}(t, x)$ .
$C_{A}(t, x)=(a_{ij}-(t, x)+ \sum_{h<0}a_{ih}(t, x)w_{kj})_{i,j<0}$ . (26)
$w:j$ (25) .




$\delta_{[A,B]}w:j=[\delta_{B}, \delta_{A}]w_{ij}$ . (28)
, (27) $A_{t,ae}=\mathcal{A}\otimes \mathbb{C}[[tdcfx]]$ .
\delta A (29)
$\delta_{A}(t_{n})=0$ , $\delta_{A}(\sim)=0$ (29)
. $\mathcal{A}$ $\partial,$ $\partial_{n}$
( $\mathbb{C}[[t,$ $x]]$ $\partial/\partial x,$ $\partial/\partial t_{n}$ )
. $\delta_{A}$ ,
. $\delta_{A}(A\in gl(\infty))$ , $\partial_{n}(n\geq 1)$ .




$(\delta_{*}\cdot, i\in I)$ ( Leibniz $fl^{[}1\delta:(\tau\iota v)=\delta_{i}(\tau\iota)v+\tau\iota\delta_{*}\cdot(v)(\tau\iota, v\in \mathcal{A})$
) ;(
$A$ 1 Lie \ominus










, $\delta_{A}$ $\mathcal{A}$ $\mathbb{C}[[t, x]]$
(25), (27) $a:j(t, x)$ ( $\mathbb{C}[[t,$ $x]]$ )
. $\mathcal{A}$ $w_{ij}$ ( )
. $A=A^{n}$ ( $n$ ) $A$
. $\mathcal{A}$ .







$\eta=(\eta_{ij})_{*\geq 0,-\infty<j<\infty}$ , $\eta_{ij}=\{\begin{array}{l}-w_{j}(i\geq 0,j<0)\delta_{ij}(i,j\geq 0)\end{array}$ (32)
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. $\xi$ [8] .
$\xi$ D (33) . D











. (34) (13) (15) . (34a), (34b)
$h$ .





(34) Grassmann [9]. $\tau$





$A_{-+}=(s_{:+1,j})_{i<0,j\geq 0},$ $A_{-+}^{n}=(\delta_{i+n,j})_{:<0,j\geq 0}$ , $W$ $\xi$ ‘ ’
$W=(w_{ij})_{*\geq 0,j<0}$ . (37)







, $p_{n}(-\partial_{t})$ $t_{1}rightarrow-\partial_{1},$ $t_{2}arrow\rangle$ $-\partial_{2}/2,$ $\iota_{s}\mapsto$
$-\partial_{s}/3,$
$\ldots$ . (34) (38)
. (34) $w:j$ $\log\tau$
, (38) $i,$ $j$









, (13), (15), (34) $\partial,$ $\partial_{n}(n\geq 1)$
. $\mathcal{A}arrow\tilde{\mathcal{A}}$ .
, (35)
(13) (15) . , A\sim
(34) (35) ,
A\rightarrow A\sim (35) $\mathcal{A}$
, .
. (35) (34) $\log\tau$
, $\log\tau$ $\mathcal{A}$ , $\mathcal{A}$




1 $0$ . $\tau$
$\tau$ A .





$[\tilde{A},\tilde{B}]=[A^{-}B]+c(A, B)z$ , $(41a)$
$[\tilde{A}, z]=0$ $(A, B\in gl(\infty),$ $(41b)$
Lie . $\tilde{A}$ , $\tilde{B}$ , . . . (40) 2
$(A, 0),$ $(B, 0),$ $\ldots$ ( $A,$ $B$ , ), $c(A, B)$
$gl(\infty)$ 2 ( ) .
$c(A, B)=tr(A_{-+}B+--. B_{-+}A_{+-})$ . (42)
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$A\pm,$ $\pm$ $A$ 4 .
$A=($ $A^{--}A_{+-}$ $A^{-}A_{+}:$ ), $A+-=(a_{ij})_{i\geq 0,j<0},$ etc. (43)
[9] , $\overline{gl}(\infty)$ $\log\tau$ $w_{ij}$ $(t, ae)$ $=(0,0)$
. KP ,
Grassmann . $\log\tau$ $w_{ij}$
. $A\in gl(\infty)$
$\delta_{A}\sim\log\tau=trA_{-+}(t, \sim)W+\gamma(A;t, x)$ , $(44a)$
$\delta_{A}\sim W=A_{+-}(t,$ $\sim)$ +A++( \sim )W-W(A--( $x)+A_{++}(t,$ $x)W$), $(44b)$





. \gamma (A; $t,$ $x$ ) ( $\mathbb{C}[[t,$ $x]]$ )
.
$\partial\gamma(A;t, x)=c(A, A(t, x))$ , $(46a)$
$\partial_{\pi}\gamma(A;t, x)=c(A^{n}, A(t, x))$ , $(46b)$
$\gamma(A;0,0)=0$ . $(46c)$
.
. (44) (45) $\tilde{\mathcal{A}}\otimes \mathbb{C}[[t, x]]$ \delta 1 $(X\in gl(\infty))\sim$ $\partial,$ $\partial_{n}$
. $\log\tau$ $w_{ij}$ (13) $+(15)+(34)$ .
.
$[\delta_{A}\sim, \delta_{\tilde{B}}]=\delta_{[\overline{B,A}]}+c(B, A)\delta_{z}$ , $(47a)$









$\overline{D}_{n}W=B_{n}W-WD^{n}$ , $n=1,2,$ $\ldots$ . (48)
. $\overline{D}_{\pi}$ $t=(t_{1}, t_{2}, \ldots)$
$\overline{D}_{n}=\{\begin{array}{l}\theta/\partial t_{2m}\partial/\theta\ell_{2m-1}-\sum_{h\geq 1}\ell_{2h-1}\partial/\partial t_{2k+2m-2}\end{array}$ $ifn=2m-1ifn=2m$ (49)
superderivatives ( , ) ,
$t_{2m}(m=1,2,$ $\ldots)$ $\text{ _{}t}$ $t_{2m-1}(m=1,2,$ $\ldots)$ ‘ 5 .
$t_{m}t_{n}-(-)^{m\mathfrak{n}}t_{\pi}t_{m}=0$ (50)
. $W=W(t, x, \theta, D)$
$W=1+ \sum_{\pi=1}^{\infty}w_{n}(t, x, \theta)D^{-n}$ (51)
$(1|1)$ ( $(x, \theta)$ $x$ ‘ ,’ $\theta$ ‘
’) . ( [4], [5]
.) $D$
$D=\partial/\partial\theta+\theta\partial/\partial x$ (52)
. 2 $\partial/\partial x$ :




. $w_{n}$ $n$ ‘ ’ ‘
7 . $B_{n}$
$B_{n}=(W\cdot D^{n}\cdot W^{-1})_{+}$ , (55)
. $($ . . $)_{+}$ ( $D$ )
.
. .
$A=C[w_{n}^{[h]};k\geq 0, n\geq 1]$ (56)
[4] $D^{k}w_{n}$ $w_{n}^{[h]}$ . , 2grading
$\mathcal{A}=\mathcal{A}_{\overline{0}}\oplus \mathcal{A}_{\overline{1}}$ $(Z_{2}=\{\overline{0},\overline{1}\})$
$w_{n}^{[h]}\in \mathcal{A}_{\overline{h}+\overline{n}}$ , . $D$ $D^{2}$ ‘ ’ ‘
’ . (48) $A$ $\overline{D}_{n}(n=1,2, \ldots)$
.
D $\mathcal{A}$
$D= \mathcal{D}_{A}^{d}=^{ef}\{P=\sum_{n=0}^{m}p_{n}D^{n};p_{\pi}\in A\}$, (57)
$\mathcal{E}=\mathcal{E}_{A}^{d}=^{*f}\{P=\sum_{n=-\infty}^{m}p_{n}D^{\iota} ; Pn\in \mathcal{A}\}$ , (58)
( $m$ $P$ : $p_{m}\neq 0$ $m$ $P$ ) . $\mathcal{E}$ $W$
$\mathcal{D}$ $\prime DW$ .
.









3) $w_{j}’\in \mathcal{A}-$ , .
$Dw_{ij}=w_{i+1,j}-(-)^{:-j-1}w_{i,j-1}-(-)^{:+1}ww$ . (61)
4) 3) $w_{ij}$ $W$ . $W$
$w_{n}$ $w_{ij}$ $w_{n}=-w_{0,-n}$ .
$\mathcal{A}=B[w:j(i\geq 0, j<0)]$ . (62)




\mbox{\boldmath $\xi$} $=(\xi_{ij})_{-\infty<:<j<0}\infty$, , $\xi_{ij}=\delta:j(i,j<0);w_{ij}(i\geq 0, j<0)$
(61) (63) .
$D\xi=A\xi-S\xi S_{--}C$, $(64a)$
$\overline{D}_{n}\xi=S^{n}A^{n}\xi-S^{n}\xi C_{7l}$ , $(64b)$
$A^{n},$ $C,$ $C_{\tau\iota}$ , $S_{--},$ $S^{n}$ :
$S_{--}=((-)^{:}\delta_{ij})_{i,j<0}$ ,
$\mathscr{S}=((-)^{in}\delta:j)_{-\infty<i,j<\infty}$ . (65)
( $w_{ij}\in B[[t,$ $x,$ $\theta]]$ )
:
. $t=0,$ $x=0,$ $\theta=0$
.
$\xi(t, x, \theta)=\exp$ (






$h(t, \sim\theta)$ 1 2 $i,$ $j<0$
.
$\xi$ [5] , Grassmann
, .
. (






$D\log\tau(t, ae, \theta)=-w_{0,-1}$ , $(67a)$






. (67a), (67b) $f$, (67)
$Df_{n}-(-)^{n}\overline{D}_{n}f=0$ , $(69a)$
$\overline{D}_{m}f_{n}-(-)^{mn}\overline{D}_{n}f_{m}=$ ($(-)^{m}$ 1) $f_{m+n}$ , $(69b)$
. ( )
‘ 5 . , .








, $w:j$ } $w:j$ $\log\tau$ .
(38) . (67)
. KP
. ( $i,$ $j$ .)




( [5] ) .
KP 2 KP ( I, II
) . ( .) $\tau$ $\tau_{1},$ $\eta_{1}$











$\exists m\in Z,$ $a:;=0$ for $j-i>m$} (71)
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$J_{\sim}57$
Lie 1 $gl(\infty|\infty)\sim$ . $gl(\infty|\infty)$ Lie
$Z_{2^{-}}graded$ structure $gl(\infty|\infty)=gl(\infty|\infty)_{\overline{0}}\oplus gl(\infty|\infty)_{\overline{1}}$
$gl(\infty|\infty)_{\overline{p}}=\{A=(a:j);a:j=0(i-j\not\equiv pmod 2)\}$ (72)
, homogeneous $A,$ $B$ ( $gl(\infty|\infty)_{\overline{0}},$ $gl(\infty|\infty)_{\overline{1}}$
)
[$A,$ $B\}^{d}=^{cf}AB-(-)^{p(A)p(B)}BA$ (73)
. $p(A),$ $p(B)$ $A,$ $B$ ( $A,$ $B$ grade $\in \mathbb{Z}_{2}$ )
. $gl(\infty|\infty)$
$c(A, B)=Str(A_{-+}B+--B_{-+}A_{+-})$ , (74)
. Str super trace ,
$C=(c_{ij})_{:,j<}0$ Str $C= \sum_{i<0}(-)^{i}c;i$ . $A_{\sigma\sigma’}(\sigma, \sigma’=\pm)$
$A=(a_{ij})_{-\infty<,j<\infty}$ 4 . 1
$gl(\infty|\infty)=gl(\infty|\infty)\oplus \mathbb{C}z\sim$ (75)
[$\tilde{A},\tilde{B}$} $=[\overline{A,B}$} $+c(A, B)z,$ $[\tilde{A}, z]=0$ , (76)
Lie . ( $A\in gl(\infty|\infty)$ $\tilde{A}$
$(A, 0)$ .)
KP A A,,1 $def=\tilde{\mathcal{A}}\otimes C[[t, x, \theta]]$
. , $D,\overline{D}_{n}$
.
$W=(w:;)_{:\geq 0,j<0}$ . (77)
. homogeneous $A\in gl(\infty|\infty)$
$A(t, x, \theta)\in gl(\infty|\infty)\otimes \mathbb{C}[[t, x, \theta]]$ ( ‘ Lie ’GL(\infty \infty |\infty o)
) .
$\exp(\sum_{n=1}^{\infty}t_{n}S^{n}A^{\pi}+xA^{2}+\theta A)\exp(\epsilon A)\exp(-\sum_{n=1}^{\infty}t_{n}S^{\iota}A^{n}-\sim A^{2}-\theta A)$
$=\exp(\epsilon A(t, x,\theta))$ , (78)
21
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\epsilon $p(A)=\overline{0}$ ‘ ’ $p(A)=\overline{1}$ ‘ ’ ( $\epsilon^{2}=0$ )
. $A$ $A(t, x, \theta)$ $gl(\infty|\infty)$
. , $A\in gl(\infty|\infty)$ $z$ A,,2,9 \delta A
$\delta_{z}$ .
$\delta_{\tilde{A}}W(t, x, \theta)=A_{+-}(t, x, \theta)+A_{++}(t, x, \theta)W(t, \sim, \theta)$
$-S^{p(A)}W(t, x, \theta)S_{--}^{p(A)}(A_{--}(t, x, \theta)+A_{-+}(t, x, \theta)W(t, x, \theta))$ , $(79a)$
$\delta_{\tilde{A}}\log\tau(t, x, \theta)=StrA_{-+}(t, x, \theta)W(t, x, \theta)+\gamma(A;t, x, \theta)$ , $(79b)$
$\delta_{\tilde{A}}t_{n}=0,$ $\delta_{A’}x=0,$ $\delta_{\tilde{A}}\theta=0$ , $(79c)$
$\delta_{z}W(t, x,\theta)=0$ , $(80a)$
$\delta_{z}\log\tau(t, x, \theta)=1$ , $(8^{Q}b)$
$\delta_{z}t_{n}=0,$ $\delta_{z}x=0,$ $\delta_{z}\theta=0$ , $(80c)$
\gamma (A; $t,$ $x,$ $\theta$) $\in \mathbb{C}[[t, x, \theta]]$ .
$(-)^{p(A)}D\gamma(A;t, x, \theta)=c(A, A(t, x,\theta))$ , $(81a)$
$(-)^{p(A)n}\overline{D}_{n}\gamma(A;t,x,\theta)=c(S^{n}A^{n}, A(t, x,\theta))$ , $(81b)$
$\gamma(A;0,0,0)=0$ . $(81c)$
. $X\in gl(\infty|\infty)\sim$ $\mathcal{A},$ , $x,$ $\theta$ \delta x $D,\overline{D}_{n}$
, KP . .
$[\delta_{A}\sim,$ $\delta_{\tilde{B}}$ } $=\delta_{[\overline{B,A}\}}+c(B, A)\delta_{z}$ , $(82a)$
$[\delta_{A}\sim, \delta_{z}]=0$ $(A, B\in gl(\infty|\infty))$ . $(82b)$
22
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